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Abstract
       In this paper, we present modified conjugancy coefficient for the
conjugate gradient method based on the (Liu and Storey) method to
solve non-linear programming problems. We proved the sufficient
descent and the global convergence properties for the proposed
algorithm for three cases and we get very good numerical results
especially for the large scale optimization problem.

تحسین خوارزمیة التدرج المترافق مع معامل ترافق مقترح
الملخص

ساسه ألطریقة المتــــجهات المترافقة محسنتم في البحث اشتــــقاق معامل ترافق 

الانــــحدار الكافيخاصیةثبات إوتم ر الخطیة لحل مسائل البرمجة غیStoreyوLiuصیغة

(sufficient descent) كما ، للخوارزمیة المقترحة بثلاث حالاتوخاصیة التقارب الشامل

.مثلیة ذات القیاس العاليلأمسائل الخاصة وجدا حصول على نتائج عددیة جیدة التم 

Keyword: conjugate gradient, conjugancy coefficient, nonlinear
programming, unconstrained
                 optimization .

1. Introduction
            In unconstrained optimization, we minimize an objective
function which depends on real variables with no restrictions on the
values of these variables. The unconstrained optimization problem is:

nRxxfMin Î:)( ,                                                                (1)

where RRf n ®:  is a continuously differentiable function,
bounded from below. A nonlinear conjugate gradient method
generates a sequence{ }kx , k  is  integer number, 0³k . Starting from an
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initial point 0x ,  the  value  of kx  is calculated by the  following
equation:

kkkk dxx l+=+1 ,                                                                 (2)
where the positive step size 0>kl  is obtained by a line search,

and the directions kd are generated as:

kkkk dgd b+-= ++ 11 ,                                                          (3)
where 00 gd -= , the value of kb  is determined according to the

algorithm of Conjugate Gradient  (CG),  and its  known as a conjugate
gradient parameter, kkk xxs -= +1  and ( ) )( kkk xfxfg ¢=Ñ= , consider
.  is the Euclidean norm and kkk ggy -= +1 . The termination

conditions for the conjugate gradient line search are often based on
some version of the Wolfe conditions. The standard Wolfe conditions:

( ) ( ) k
T
kkkkkk dgxfdxf rll £-+ ,                                          (4)

( ) k
T
kk

T
kkk dgddxg sl ³+ , (5)

 where kd  is a descent search direction and 10 <£< sr ,
where kb  is defined by one of the following formulas:
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May  not  often  have  better  computational  performances.   In  order  to
exploit the attractive feature of each set, the so called new conjugate
gradient method has been proposed as:
2. The Proposed Conjugate Gradient Algorithm:

The proposed algorithm generates the iterate nxxxx ,,,, 310 K

compute by the equation (2), the step size 0>kl  is determined
according to the Wolfe conditions (4) and (5), and the direction kd  are
generated by the equation (3):

The Liu and Storey Conjugate Gradient algorithm is one of the
best  methods to solve the large scale non-linear optimization
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problems, we proposed the new algorithm by using the Liu and Storey
formula as:
Since
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By using the relation ( )cos(qvuvuT = ; where ɵ is the angle between
the vectors u and v) we get:
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where 21 ,qq  are the angles between kk gg ,1+  and kk gd ,
respectively.
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Then we have three cases:
  Case1: If 0)cos( 1 =q  then
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   Case3: If 0)cos( 1 <q  or 0)cos( 2 <q  then
-++= wbb
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3.  Outlines of  the Proposed Algorithm:
Step(1):The initial step: We select starting point nRx Î0 ,  and  we
select the accuracy
            solution 0>e  is a small positive real number and we find

kk gd -= ,
)( 00 garyMin=l , and we set 0=k .

Step(2): The convergence test: If e£kg  then stop and set the optimal
solution is kx ,
            Else, go to step(3).
Step(3): The line search: We compute the value of kl  by Cubic
method and that
              satisfies the Wolfe conditions in Eqs. (4),(5) and go to
step(4).
Step(4): Update the variables: kkkk dxx l+=+1 and compute

11 ),( ++ kk gxf  and

kkk xxs -= +1 , kkk ggy -= +1 .
Step(5): Check: if e£+1kg  then stop. Else continue.
Step (6): The search direction: We compute the scalar )(MLS

kb  by using
the equations
             (14) and (3)  and set 1+= kk , and go to step (4).

4. The Convergence Analysis:
4.1 Sufficient Descent Property:
     We will show  in this section that the proposed algorithm which is
defined in the equations (14) and (3) satisfies the sufficient descent
property which satisfies the convergence property.

Theorem (4.1.1):
The search direction kd  that is generated by the proposed

algorithm of modified CG satisfies the descent property for all k ,
when the step size kl  satisfied the Wolfe conditions (4),(5) .
Proof: we will use the indication to prove the descent property, for

0=k , 000000 <-=Þ-= ggdgd T , then we proved that the theorem is
true for 0=k , now assume that the theorem is true for any k  i.e



The Fourth Scientific Conference of the College of Computer Science & Mathematics

]206[

0<k
T
k gd  or 0<k

T
k gs  since kkk ds l= ,  now  we  will  prove  that  the

theorem is true for 1+k  then
k

MLS
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Case1: Multiply  both sides of the above equation by 1+kg  and we set
the value of the scalar )(MLS

kb  in equation (14a) and we get
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Then by using the Wolfe condition we get:
)1(2

111 r+-£ +++ kk
T
k ggd                                                                   (16)

)1(2
1 +-= + rkg , 0)1( >+= rc  sufficient descent satisfied.

Case2: Multiply  both sides of the above equation by 1+kg  and we set
the value of the scalar )(MLS

kb  in equation (14b) and we get
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sufficient descent is satisfied.
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Case3: Multiply  both sides of the above equation by 1+kg  and we set
the value of the scalar )(MLS

kb  in equation (14c) and we get

k
T
k

MLS
kk

T
kk

T
k dggggd 1

)(
1111 )( +++++ +-= b                                                    (20)

-++= wbb
k

kCD
k

MLS
k d

g 1)()(                                                                 (21)

-
+

+++
+++ +--=Þ wk

T
k

k

k

k
T
k

kkk
kk

T
k dg

d

g
dg

gdg
ggd 1

11
2

12
111

)11( 1

1

12
1

-
+

+

+
+ -+-= wk

T
k

kkk
T
k

kk
k dg

gddg
gd

g                                   (22)

Then by using the Wolfe condition and by using the relation
vuvuvuvu TT £Þ= qcos (where ɵ is the angle between the

vectors u and v), we have:
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4.3 Global Convergence property:
Assumption:

We assume that:
(i) The level set { })()(: 0xfxfRxS n £Î=  is bounded.
(ii)In a neighborhood N of S, the function f is continuously

differentiable and its gradient is Lipschitz continuous, i.e.
there exists a constant L>0 such that

.,,)()( NyxallforyxLygxg Î-£-

Under these assumptions on f, there exists a constant 0³G  such
that G£)(xg ,
In [1,3] it is proved that,  for any conjugate gradient method with
strong Wolfe line search, the following general result holds.

Lemma 4.3.1:
Let assumptions (i) and (ii) hold and consider any conjugate

gradient method (2) and (3), where dk is a descent direction and kl
is obtained by the strong Wolfe line search. If
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kg 0inflim (24)

For uniformly convex functions which satisfy the above
assumptions,  we  can  prove  that  the  norm  of dk+1 given by (3) is
bounded above. Assume that the function f is a uniformly convex
function.

Using lemma 4.3.1 the following result can be proved.
Theorem 4.3.2:

Suppose  that  the  assumptions  (i)  and  (ii)  hold.  Consider  the
algorithm (2), (15). If kd tends to zero and there exists nonnegative
constants 1h  and 2h such that:

22 1 kk dg h³ , kk dg 22
1 h³+                         (25)

and f is a uniformly convex function, then
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kg 0inflim                                                                         (26)

Proof:
Case1:    In this case we have:
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Case 2: In this case we have:
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Case 3:
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  By the similar way and by use the absolute value:
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   Then:
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5. Computational and Results:
In this section, we reported some numerical results obtained

with  the  implementation  of  the  new  algorithm  on  a  set  of
unconstrained optimization test problems. We have selected (10) large
scale unconstrained optimization problems in extended or generalized
form, for each test function we have considered  numerical experiment
with the number of variable n=1000,5000,10000.

Using the standard Wolfe line search conditions (4), (5) , the
stopping criteria is the 6

1 10-
+ £kg . The programs were written in

FORTRAN 90.
        We compare our method namely (MLS) with the FR method (7).
The preliminary numerical results of our tests are reported in Tables
(1),(2) and (3). The first column ”test fun.” The names of test
functions, the second column ”NOI” denoted the number of iterations,
the third column ”NOF” denoted the number of calculated functions
and the fourth column ”MIN” denoted the minimum value. We
compute:
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Table (1)
Comparative Performance of the Two Algorithms for Group of Test

Functions at N=1000

FR-CG algorithm MCG algorithmTest
Fun. NOI   NOF   MIN NOI   NOF MIN
Non-diagonal 148 345 1.53432E-013 24 59 2.770565E-027
Wolfe 192 385 5.265267E-014 83 167 2.736934E-014
Wood 3354 17377 1.102234E-013 76 158 4.556063E-015
Rosen 175 440 8.234663E-014 27 71 6.312248E-018
Cubic 62 132 1.387285E-013 13 35 2.501331E-017
Edgar 6 14 1.0135803E-014 7 18 1.049656E-017
Sum 31 173 7.6506322E-009 24 136 4.897356E-009
Powell3 1002 2009 7.648563E-009 164 350 4.351358E-010
Dixon 396 795 9.809334E-014 35 73 3.992565E-014
Reciep 11 30 5.675117E-015 13 59 8.318482E-013
Total 5377 21700 466 1126

Table (2)
Comparative Performance of the Two Algorithms for Group of Test

Functions at N=5000

FR-CG algorithm MCG algorithmTest
Fun. NOI   NOF   MIN NOI   NOF   MIN
Non-
diagonal

109 266 5.84975E-015 24 59 9.858789E-028

Wolfe 208 419 2.584547 117 236 2.584547
Wood 4887 27294 2.20567E-014 79 164 2.454351E-015
Rosen 182 454 4.89090E-014 27 71 3.156147E-017
Cubic 63 134 6.93352E-013 13 35 1.250665E-016
Edgar 6 14 5.06790E-014 7 18 5.248294E-017
Sum 44 252 8.28405E-009 34 202 5.769684E-009
Powell3 4915 9835 1.69918E-010 84 190 3.522151E-010
Dixon 1999 4000 0.5000000 35 73 8.009199E-014
Reciep 11 30 2.83926E-014 14 37 3.162427E-013
Total 12424 42698 434 1085
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Table (3)
Comparative Performance of the Two Algorithms for Group of Test

Functions at N=10000

FR-CG algorithm MCG algorithmTest
Fun. NOI NOF   MIN NOI   NOF   MIN
Non-
diagonal

138 325 5.298103E-014 24 60 3.00723E-026

Wolfe 239 481 2.584548 134 272 2.584549
Wood 7969 34587 1.821634E-014 80 166 4.038886E-015
Rosen 183 456 9.625753E-014 27 71 6.312159E-017
Cubic 63 134 1.386707E-012 13 35 2.5013139E-016
Edgar 6 14 1.013580E-013 7 18 1.049658E-016
Sum 54 258 1.368982E-008 37 175 7.598072E-009
Powell3 5648 11301 2.099293E-010 239 504 9.6432081E-010
Dixon 528 1058 0.5000000 34 71 4.4836988E-014
Reciep 11 30 5.680229E-014 16 44 7.684872E-014
Total 14839 48644 611 1416
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